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Abstract: This paper studies the impact dynamics process of the CDH-125 pneumatic down-the-hole (DTH) hammer,
accurately analyzing the force state during the motion of the valueless distribution piston. Subsequently, based on the finite
difference method, the thermodynamic and dynamic differential equations of the DTH hammer during its working process are
iteratively solved to obtain the dynamic working characteristics of the DTH hammer piston and air chambers. These
characteristics include the relative relationship between piston displacement and velocity, and the pressure and temperature
exchange relationships in the front and rear air chambers. The results obtained from the finite difference method were
compared and validated using the multiphysics simulation software SimulationX, showing a maximum speed discrepancy of
3% for the piston stroke, 19% for the return stroke, and 5% for the working frequency. Based on these results, further
calculations and analyses of the air viscous friction force between the piston and the inner cylinder were conducted. The results
indicate that, compared to the ideal situation with non-viscous fluid, the viscous friction force reduces the working frequency
of the DTH hammer by 0.15% per working cycle and increases the maximum energy consumption of the piston stroke by
0.05~1.34J per cycle. The impact of viscous friction on the dynamic performance of the DTH hammer cannot be ignored.
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Fig.1 Schematic diagram of the structure of CDH-125

pneumatic DTH hammer
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Table 1 Working status of the front and rear
chambers of the DTH hammer

B IR L/ e

CIRRE- RIS FERERS
K Bt mm
a 0<<L<<5 AR EHM KR NPREEAR
ﬁté R HR
b S<XL<<14  Hi A E KB NP REE AR
AN R i R HR
¢ 14<L<C31 Wi & K BHB FERAEHEM. A
AN R i NS
JRR S Bk

d BICL<43 R A E K
ﬁ ﬂzixﬁk = HME*
e 43<<L<115

{ 31<CL<C43 ﬁﬁgﬁif
jc mﬁxﬂﬁ/’ﬁ& /{ MSHE

g 4<<L<31 Wi K& M FREHW.X
jc mﬁxﬂﬁ/’ﬂ& A R 4

h SXL<<14 HI A KRG AR EEAR
K, ﬂMﬁ;H& U NIE DN

i 0<L<<5 Wi R=E#Hi#E K NPRIFEHEAR
AL RMHEE (NS N

2 BEZNOGWMBEHNERMSFTEMEL
2.1 {hZEB) S

TE FL AR A I I M R B U S B I K
FE4i , 1% 2840 R P I = A T ) 224 T 9 2R gk
FrimRE A RE . AL, 1S ZE R MR is S Z B A B
) 32 S 8L B WA T Y U i AR ) e S )
el o ATl FLAE , T LU v e A R R A A
%ﬁ%%ZI‘Eﬂ’E%E‘J#‘ﬁ%ﬁE X R R TG ZE

iz Bl B A LA o — A S R S i 2k M R

T3 — RS RISl i LR A B3 R SR
HT%MLTV\HE@IH(.” I JE W) iz Bl ad A& Al LUE AR

A TR RS R E S X AR i 7R
AL T R R R, 1l O A R 28 ik R i
PNIEEEIRAE 3 S e POR Ik § 1= (38

15 ZE 1Y 32 3 1 O AN &L 2 Fiv 7, H A 5 o A

153775 2E 1918 sh S o TR
d’L
d (PA4+PA +P(1AZ Pqui
I
PA —F,)/M — gcos0 (1)

AP L—— B AL, m; P P—— 73 R R A

Z B ASAERTER, m*; P——S 3 &4 TAE
57, Pas F——i% ZE P 2 FiVEEE 4 ) N M—— 1
R kg g——F I E B 9.8 m/s*; 06—
L2 5 H oy m I s, ().

Fz(%Fs

AMEL L

\ \
Wk RS RTRE hRE Mgoosd Fio FHE
B2 BIEBREEMIFTNZATE
Fig.2 Force diagram of the DTH hammer

piston within the cylinder

AT R AR E T A9 AR A e B S A AR B
o, fT AT ZE ) TAE o B2 0T DL ok 48 O 7 L /LS
REA N dm BSOS, wTRL A B

THERARN
dP K dm dv
dt V(ﬂLRTdiJFPE) (2)

A P—— J), Pa; K— 4 G550, 1.41; V—r0
KREMMRE, m’; R—SKH 50,287 1/(kg'K) ; T
—SEWNIRE K,

TE 4 AR A vh S B TR AR 1 AR R e
IR E A A T R
dT TK—1 dm dVv
W p v ERTER )

ST R E Z Bk 58 sh i, Hog sl iR 345
Al AR BTV R AR R E?U?%%‘J’ﬁ%z
[) e 407 2 <00 I o B I o0 T R R

dm, dm 9 K P,[ 2/1<_ P,i (K+ 1K
der Y RT,K*I P, P,

é’[(P/,/PI) K/(K—1)

=[2/(K+1)]

dm, AP, | 2K ( 2 )”“
dt JRT, { K+11K+1
s(p/p)<[2/(k+1)]"" "

(4)

A om——R % PR E N AR
kg ; A ——4 AU HE 0l T O i T R,mZ;P,.—%
REET Pa; T— A ERE K P —#%AE




95245 31

F T84 . CDH-125 B JC IR < 8l v FLAE vh s 22 40 3l Jy 24 Rtk o iy 129

#EAE Ty, Pa.

i 3 (1)~ (4) 7T DAE o b 5 38 /T L5 A A
T35 A A AR DA NG JE 38 B AR L BT X RUE a—e
B B 51 1 5 2 ] A 5o 7 R AR AT X e~i1 By B8]
5 A R R o AR A
2.2 TR RPN Z AR M R T 1O

FETRAR 72 VR T AR T i b 1 ) — e o3
SRy W < JOT o RN R HT ) o AR SO IE A R AR X I
FERRIVEEE ) N R TR ) . ARSI RE
AR PR IE W RE I FR O RV . SRR BT A R
PRAR B A B AN 3 AN [) 344 9 P /N AS ] Cn
T A AR R BRI K S AR AR R A
AN) o TR Y R PR R S B B A A AR BILAE B R R
4 = PR MR AR A T M S 5 AT A AT B AR N EE
%Q\\ﬁ:

r/xj; (5)
A :r PR T AR R BEHE N T, N/ mP s p——
&3 71 %5 % kg/(mes) sdu/dy AR, ER
718 Uit R U I T A B 1)y AR AR R SR B AR
F AR A 1) 5 D) AR TR R

2 (5) B T4 SCHT BF 908 6 4 25 00 26 1Y
YRR T A5 3058 HI T A SCHF 98 X0 G2 10 3 e e 4
TAAN

FlZ/zAp%l (6)
dr h
A A —— R4 5 ZE AR, m*;dL/
dt—— TR ZE W B s F , m/s; h——i8 Sk (JR 48 28
)5 W A CH HED) Z B E, b AL B
0.00005 m.

E— 20 FE X R 9B Bl i B ST R, AR SCH
ARz s i XK 3 T o R 3ARE L BARS
PMREPAERE AR, Wi hFE e 25X
N YR SR N W 70 A = A

p=py=py(T/T,)" (7)
A o——SMK%E B kg/m’; y, PRUERES T B
KRB HEE , m*/s; T— &N EWERE K T,
PR A IR, 273.15 Ko
T LA B e 40 23 SO S SE I B R BRI I FOR

U A BT
O\ P

(8)

3 EFMATLABHWARZENEKMLE
3.1 W FEZh )y T FREBUE R

X2 1 g i oy R AR SO TR R
POy HEATOR M . AE MATLAB H {8 JH DU By Jo 4% -
JEBEVE SR M L 45 E WD A6 S5 IR R 293.15 KL A
JE 4528 ST J1 0 2.0 MPa, &S ¥ 1 ) /1 4 0.1013
MPa, #% 2K K 107 s, 16 € 5 & o 113 kg K
A4t R & 3 R .

ML 3 () i 2 T4 5 245 S R ml 0, 30 2 Il R 1) de
KR 2.46 m/s, HFEAY e KIEJEH —2.55 m/s,
T ZE 4 L il T B — 1.8 m/s.

M 3(h) I 5 A% R ) A2 f AT FE B B
a~c 1, 5 I ) B R RR R GE TS & 2.0 MPa it
PAF — By [a], /A% BT A RN R 40 U, TR
TGN LT E B e~d R R E B KRR N
TR R AIG, F AR E W O R R R 4R i KR HESS T
B Bt d~e 15 ZE3F A 0 R B B, AR A 46
AR )BT ETE, YR R R E AR S
JE J7 A A 10 RUE R 3k B i K (H 0.4 MPa, B 5 1
FEINHEE M AR Fisd), FRERNEE L
Fh, BB f~1, 15 € 58 i — 1> [0 R R o AR 41 35

M 3Ce) AR TAE 71 T 1% 207 4 % L 1 T LA
B, X 2.0 MPa TAE K 7, #6105 0.5 s N, 16 2 T
PERAS AR IR BNERE & T RT e = R st
THAZEHE. 0555, BT REMTRE, iB
FaE 7E 0.082 m, 1 #E 3K B e KA B A 0.033 m Y
AH T LR ) ARSI R 9~10 Hzo X TAEE S
1.0 MPa #1 1.5 MPa I, 1 2 (4 43 £ 43 5l & 0.057
m A10.072 m, %F b 2.0 MPa J& /7, i FLATE (37 £% 20 51) ok
3050 1206, H T AR 53 HIREAR 2296 F1 5% o

WAL 3(d) 1% ZE BAUR [B] 2 | op 72 A9 157 A% LB B 4o
L AT UAE B BB | B EAERRERS SR
YER T 1 bz 8, A 3K 3 0.031 m i, 1iF 28
I B S 1] R i KB B 2.46 m /s, IS A3 B 6
M TEBY B I, J5 U iE A% IR S 1% 26 16 MR
FHF 4k 22 [l A2 b 47, {0 B0 A6 28 b AT o R 3% W
G ZEB B I, e B i % A SR A, 16 FELE AR
YERF BAT 5 3RS 32 B AR 2= 25, B B I K 0 0
FE 0] 5 2 A B fie K AL 0.082 m ZEBY B IV 3% ZE iE A
PR B B, 206 JE 07 B2 3K ) 0.005 m B, AR A5 R i
K —2.55 m/s; AEMBe V06 28 )5 R E F A% 1A
R JEREIE A TG 2 8% b EF, o



130 R TR 202545 H
3- _
23 — WA
— A
2.0 H
& £ 151
= =
2 510
& = L0
Lo
0.5
P
-4 L L & 1' L ] 0.0 L I I I I ]
0.0 0.1 0.2 0.3 0.4 0.5 00 0.1 02 03 04 05
i a]/s i 1]/s
(a) i FETH S (bR JE R 5 /128 1k
0.10 4. .. 10.10
— i
— R
0.08 2+ ' ! 40.08
N o Ny \% \
£ 006 £ 0 = ‘ ‘//A
= = o | !
= el oL | . |
#00.04 b
flia #
o4
0.02
6|
0.00 - . L L N1 (.00
0.0 0.2 0.4 06 0. 1.0 0.000 0.025 0.050 0.075 0.100 0.012
I []/s I 8] /s

()NIA AR R 1 iR 2600 A%

()G 28 BARR FRIE FE AL

B3 ARESERBERTE

Fig.3 Schematic diagram of the solution results using the finite difference method
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Fig.6 Energy comparison diagram of the piston

under ideal conditions and with friction force
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